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TRANSFER MOLDING AND UNDERFILLING 
METHOD AND APPARATUS 



BACKGROUND OF THE INVENTION 
[0001] W«1H of the Invention : The present invention relates to a method and 
apparatus used in transfer molding to providing a flowable resin to a substrate having one 
or more semiconductor devices thereon for the packaging thereof. More specifically, the 
present invention relates to a method and apparatus used in transfer molding to prevent 
voids and air pockets in a flowable resin provided to a substrate having one or more 
semiconductor devices thereon for the packaging thereof. 

[0002] State of the Art : At present, transfer molding is a widely adopted method 
for plastic encapsulation of semiconductor devices. In transfer molding, the mold 
generally includes a lower half and an upper half. The lower half of the mold will 
typically include multiple cavities and a concave portion, called a pot, which 
communicates with the multiple cavities through runners. In one instance of molding a 
package, a lead frame at the outer periphery of a semiconductor device is placed on an 
edge of each of the cavities. The upper half of the mold is placed on the lower half of the 
mold and includes cavities and a through hole corresponding to the cavities and the pot of 
the lower half of the mold, respectively. The cavity of either the upper half or lower half, 
or both, includes a vent, usually at the opposite end of the cavity from the runner, to allow 
air to push therethrough. An assembly of a semiconductor device and a lead frame 
connected thereto is arranged in each space defined between corresponding cavities of the 
lower half and upper half of the mold, where each of the cavities are oriented 
longitudinally along the horizontal plane. A thermosetting resin is heated in the pot and 
fed therefrom by a plunger. The resin reaches the cavities through the runners and covers 
the semiconductor device and a portion of the lead frame located in each of the cavities, 
pushing air from the runners and cavities through the vent. The resin is typically then 
heated to cure the same, thus encapsulating the semiconductor device and adjacent 
portion of the lead frame. 
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[0003] Vlowever, as shown in drawing FIG. 1, when the resin 1 flows to fill the 
horizontally oriented cavities 3, the flow is usually not uniform due to various design 
factors of the semLnductor device and lead frame and gravity acting on the resin 1. As 
a result, the fronts l\lb of the resin 1 flowing above and below the semiconductor 
device 32 will often rn\t above the semiconductor device 32 instead of at the vent, 
causing the molded packLe to have undesirable air pockets and/or voids 2, as shown in 
drawing FIG. 2. These typ\s of defects not only degrade the outer appearance of the 
molded package, but also prcWce reliability problems with respect to its resistance to 
thermal shock and exposure toVmidity and other contaminants. 

[0004] In an effort to prevent such defects in the molded package, United States 
Patent 4,900,485 to Murakami discloses a method and apparatus for transfer molding 
semiconductor devices including a hydraulic pressure controller and a pressure detector to 
control the pressure of the resin therein. Additionally, other methods made to prevent 
defects such as voids by controlling the temperature of the resin are disclosed in United 
States Patent 4,908,178 to Nakagawa et al. and United States Patent 5,071,334 to Obara. 
Although each of the above references disclose a method and/or apparatus for limiting air 
pockets and/or voids in a molded package, each reference discloses a transfer mold that is 
longitudinally oriented to be horizontal. Thus, as previously discussed, there remains the 
problem of non-uniform flow fronts in the transfer mold, resulting in air pockets and/or 
voids. 

[0005] Along with the previously discussed problems in transfer molding, 
methods in flip-chip packaging are known to present similar problems of voids and/or air 
pockets in underfill material 1 in a gap between a bumped semiconductor die and a 
substrate. As shown in drawing FIG. 3, such methods include a one-sided or two-sided 
dispense process, where an underfill material, such as resin 1, is dispensed along one or 
two adjacent sides of the semiconductor die 52. The underfill resin 1 then freely flows by 
capillary action between the semiconductor die 52 and substrate 64, pushing air existing 
in the gap between the die 52 and the substrate 64 from opposing sides of the 
semiconductor die 52 as the underfill material 1 fills the gap, thereby minimizing 



potential voids. However, as shown in drawing FIG. 3, the underfill resin 1 will often 
leave air pockets or voids 2 adjacent the bumps 56 of the flip-chip semiconductor die 52. 
Further, it is desirable to improve the time it takes to fill the gap with the underfill 
material. 

[0006] United States Patent 5,766,982 to Akram et al. addresses improving the 
time for underfilling a flip-chip package by elevating the package on an inclined plane 
from a horizontal plane. In this method, the underfill material is dispensed either through 
an aperture in the substrate or at one or two elevated sides of the gap between the die and 
substrate. When dispensing the underfill material by these methods, the underfill material 
filling the gap flows down the inclined plane, thereby utilizing gravity to decrease the 
time necessary for underfilling. Although this method improves the time for underfilling, 
there remains the potential for voids and air pockets to form due to non-uniform flow and, 
in particular, voids forming adjacent the bumps of the flip-chip package. 

[0007] Therefore, it would be advantageous to obtain substantially uniform flow 
of a packaging or underfill resin to reduce or eliminate the occurrence of voids in the 
resin, as well as to provide molds and systems that facilitate uniform resin flow during 
packaging or underfill operations. 

SUMMARY OF THE INVENTION 
[0008] The present invention relates to a method and apparatus for limiting 
voids in a flowable packaging material provided to a substrate, such as a semiconductor 
die or a wafer or other large-scale substrate including a plurality of semiconductor devices 
fabricated thereon. The present invention is directed to a method and apparatus for 
providing the flowable material to the substrate in a substantially vertical direction with 
respect to a horizontal plane. The method of the present invention includes orienting the 
substrate substantially vertically. 

[0009] In one embodiment, the present invention includes a transfer mold 
having at least one cavity with a gate at a lower portion of the cavity and a vent at an 
upper portion of the cavity, in which the cavity may be oriented longitudinally 
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perpendicular to the horizontal plane and configured to vertically orient the substrate. 
According to this embodiment of the present invention, the flowable material fills the 
cavity from the gate at the bottom thereof to the vent at the top thereof to encapsulate the 
substrate and/or provide a layer of the flowable material over at least a portion of the 
substrate. By this arrangement, voids and air pockets are substantially prevented from 
forming in the flowable material since the flowable packaging material fills the cavity in 
the vertical direction and due to the force of gravity acting on the flowable material. 

[0010] In another embodiment, the present invention includes a semiconductor 
device attached to a substrate having bumps therebetween, in which the bumps provide a 
gap between the semiconductor device and the substrate. According to this embodiment 
of the present invention, the semiconductor device and substrate are oriented substantially 
vertically so that the gap may be filled with flowable underfill material in a vertical 
direction. This embodiment may include a barrier positioned about the periphery of the 
semiconductor device for containing the flowable material in the gap between the 
semiconductor device and the substrate. The barrier includes an opening where the 
flowable material is introduced into the gap. The flowable material fills the gap from the 
bottom thereof and is drawn upwardly therethrough by way of capillary action or under 
positive or negative pressure. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0011] The method and apparatus of the present invention will be more fully 
understood from the detailed description of the invention taken in conjunction with the 
drawings, wherein: 

[0012] FIG. 1 is cross-sectional side view of a conventional transfer molding 
process, depicting flowable thermoset resin being transferred into a mold cavity with a 
semiconductor device therein; 
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[0013] FIG. 2 is a cross-sectional side view of the conventional transfer molding 
process of FIG. 1, depicting an encapsulated semiconductor device in a mold cavity 
having a void in the molded resin; 

[0014] FIG. 3 is a cross-sectional top view of an assembly, including a 
semiconductor die flip-chip bonded to a carrier substrate, depicting underfill material 
being dispensed between the semiconductor die and the substrate and voids forming 
adjacent the solder bumps in a conventional underfill process; 

[0015] FIG. 4 is a cross-sectional side view of a semiconductor device in a 
vertically oriented mold cavity, illustrating resin encapsulating the semiconductor device 
so that the resin fills the cavity in a substantially vertical upward direction, in accordance 

with the present invention; 

[0016] FIG. 5 is a cross-sectional side view of a substrate in a vertically oriented 
cavity, illustrating resin flowing in the vertically oriented cavity in a substantially vertical 
upward direction, in accordance with the present invention; 

[0017] FIG. 6 is a cross-sectional side view of a substrate in a vertically oriented 
cavity, wherein the cavity includes protrusions configured to contact bond pads or 
contacts of the substrate, and illustrating resin flowing into the vertically oriented cavity 
in a substantially vertical upward direction, in accordance with the present invention; 

[0018] FIG. 7 is a cross-sectional side view of a ball grid array substrate 
positioned in a vertically oriented cavity, illustrating resin flowing upwardly into the 
vertically oriented cavity, in accordance with the present invention; 

[0019] FIG. 8 is a cross-sectional side view of an assembly, including a carrier 
substrate and a semiconductor device flip-chip bonded thereto, in a vertically oriented 
cavity, illustrating resin flowing in the vertically oriented cavity in a substantially vertical 
upward direction, in accordance with the present invention; 

[0020] FIG. 9 is a cross-sectional side view of an assembly of a carrier substrate 
and a semiconductor device flip-chip bonded thereto, illustrating an underfill process 
between the semiconductor device and substrate in a substantially vertical upward 
direction, in accordance with the present invention; and 
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[0021] FIG. 10 is a cross-sectional front view taken along line 10-10 of 
drawing FIG. 9, illustrating the underfill process in the vertically oriented direction, in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Embodiments of the present invention will be hereinafter described with 
reference to the accompanying drawings. It should be understood that the illustrations are 
not meant to be actual views of any particular apparatus and/or method, but are merely 
idealized representations which are employed to more clearly and fully depict the present 
invention than would otherwise be possible. Additionally, elements common between the 
figures retain the same numerical designation. 

[0023] A first embodiment of the present invention is illustrated in drawing FIG. 
4, depicting a transfer mold 5 for encapsulating an assembly 31 of a semiconductor 
device 32 and an adjacent portion of a lead frame 33 connected thereto by utilizing a 
transfer molding process. The term "transfer" molding is descriptive of this process as 
the molding compound, in a liquid state, is transferred by capillary action or under 
pressure to a plurality of remotely-located mold cavities 10 containing semiconductor 
device assemblies 31 to be encapsulated. 

[0024] The transfer mold 5 includes a first half 12 and a second half 14 which 
form a plurality of cavities 10 therebetween. However, for purposes of simplicity, only 
one cavity 10 is illustrated in drawing FIG. 4. The cavity 10 includes a gate 16 and a vent 
20. The gate 16 is used as an inlet for resin 24 to flow into the cavity 10. The vent 20, 
located at an opposite end of the cavity 10 from the gate 16, permits air or other gases in 
the cavity 10 to escape therefrom upon introduction of resin 24 into the cavity 10. 

[0025] As known to those skilled in the art of transfer molding, a pellet 
preferably containing liquid thermoset resin mold compound, which is also referred to 
herein as resin 24 for simplicity, is disposed above a plunger in a pot (not shown). The 
plunger engages and melts the pellet, forcing the liquid resin 24 that was contained 



7 



therein through a sprue to runners which each lead to the plurality of cavities. As shown 
in drawing FIG. 4, each runner 18 leads to the gate 16 of a cavity 10, allowing the resin 
24 to fill the cavity 10 and encapsulate the semiconductor device 32 and the adjacent 
portions of lead frame 33 therein. 

[0026] In the present invention, the vent 20 is located substantially at an upper 
portion 4 of the cavity 10 with the gate 16 preferably located at a lower portion 6 of the 
cavity 10. In particular, as shown in drawing FIG. 4, it is preferable that the mold cavity 
10 be oriented substantially vertical and longitudinal along a vertical plane 30 which is 
substantially perpendicular or at substantially 90° from a horizontal plane 28. As such, 
when the resin 24 fills the cavity 10, the flow fronts 26 and 26' rise vertically toward the 
vent 20 at substantially the upper portion 4 of the cavity 10. Further, the flow fronts 26 
and 26' rise substantially at the same rate due to the force of gravity acting on the flow 
fronts 26 and 26'. Therefore, gravity helps control the flow fronts 26 and 26' to equalize 
and become substantially one flow front prior to reaching the vent 20 at the uppermost 
portion 4 in the cavity 10, allowing the resin 24 to substantially fill all portions of the 
cavity 10 and forcing air or gases within the cavity 10 through the vent 20 without 
substantially creating air pockets and/or voids in resin 24. Even if the flow fronts 26 and 
26' rise at different rates prior to surpassing an edge 34 of the semiconductor device 32, 
the flow fronts 26 and 26' will substantially equalize each other after reaching the 
uppermost edge 34 of the semiconductor device 32 due to the force of gravity acting 
thereon. In this manner, gravity provides a more uniform flow front, wherein 
gravitational force induces the filling of spaces where potential air pockets and/or voids 
were conventionally formed in the cavity 10. Therefore, the present invention 
substantially prevents the conventional problems of voids and air pockets as previously 
discussed. In the present invention, the fluid molding material is caused to flow over any 
desired substrate having any type and number of semiconductor devices attached thereto 
in a substantially vertical direction, such as a substrate and semiconductor device(s) being 
located in the mold cavity at approximately ninety degrees (90°) with respect to the 
horizontal axis of the mold cavity. 
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[00271 According to the first embodiment of the present invention, the 
semiconductor device is preferably a lead frame packaging assembly utilizing wire 
bonding, tape automated bonding (TAB), and/or any known bonding technique from the 
semiconductor device to leads of the lead frame as known in the art. However, the 
present invention is not limited to lead frame packaging assemblies, but may also 
encompass transfer molding of semiconductor assemblies including semiconductor 
devices secured to other carriers, such as carrier substrates or interposers, by way of wire 
bonds, tape automated bonds (TAB), flip-chip bonds, or other known techniques. 
Alternatively, the methods and apparatus of the present invention may be used to package 
or form protective layers on individual semiconductor device components (e.g., 
semiconductor dice, interposers, carrier substrates, other carriers, etc.). In addition, the 
semiconductor device in the present invention is preferabjyj^ajl^oriented, 
substantially perpendicular^^ semiconductor 
l^fl^yb^o^b^i^^hied angle from the horizontal plane 28, so long as 
the force of gravity creates a uniform flow front that will permit substantially all of the air 
or other gases within the cavity 10 to escape therefrom so as to reduce^rdhninat^ 
^formation of voids or air pogketsin rasing/ - ~ 

"^[0028] A second embodiment of the present invention is illustrated in drawing 
FIG. 5, depicting resin 24 filling a transfer mold 5' in a substantially vertical direction 
similar to that of the first embodiment. However, instead of a semiconductor device 
being encapsulated as in the first embodiment, the second embodiment comprises a first 
surface 44, or back side, of a substrate 42, such as an individual semiconductor die or a 
wafer or other large-scale substrate with a plurality of semiconductor devices thereon, 
abutting a first half 12' of the cavity 10', which is configured to retain substrate 42. 
Further, there may be multiple substrates 42 within a single cavity 10'. The other, active, 
surface 45 of the substrate 42 is exposed to the remainder of the cavity 10'. As the 
resin 24 vertically rises in the cavity 10', the resin 24 covers at least surface 45 of the 
substrate 42 and may cover other surfaces of the substrate, depending on how the 
substrate 42 is situated within the cavity 10'. The substrate 42 is preferably substantially 
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vertically oriented relative to a horizontal plane 28. However, the plane of the 
substrate 42 may be oriented at any inclined angle from the horizontal plane 28, so long 
as the vent 20' in the cavity 10' is substantially at the upper portion 4 of the cavity 10' 
and the force of gravity acting on the resin 24 will continue to force substantially all air or 
other gases out of the cavity through the vent 20' before any air pockets or other voids 
form. Following such encapsulation, bond pads on surface 45 may be exposed through 
the cured resin 24 by known techniques, such as mask and etch processes. 

[0029] V A third embodiment of the present invention is illustrated in drawing 
FIG. 6, depictiniresin 24 filling a transfer mold 5 " in a substantially vertical direction to 
cover at least a pLion of the second surface 45 of the substrate 42. The third 
embodiment is similar to the second embodiment in all respects, except the second half 
14" of the transferVnold 5" includes a plurality of projections 50 configured to extend to 
the surface 45 of thLubstrate 42 and contact bond pads 47 thereon. The projections 50 
extending from the sLond half 14" of the transfer mold 5" allow resin 24 to rise 
vertically around theLjections 50. Thus, bond pads 47 on the second surface 45 of the 
substrate 42 that are contacted by projections 50 are shielded from resin 24 and are free of 
resin 24. Therefore, thLsin-free bond pads 47 of the substrate 42 can receive solder 
balls or the like vvimout further significant modification of the layer of resin 24 on 
surface 45. Moreover, thLpenings formed in resin 24 may define the configurations of 
at least the lower portions\f solder bumps or other conductive structures formed on bond 
pads 47. 

[0030] A fouW embodiment of the present invention is illustrated in drawing 
FIG. 7, depicting resiA filling the cavity 10"' of a transfer mold 5"' in a substantially 
vertical direction to covLt least the second surface 55 of the substrate, in this case a 
flip-chip type semiconductor die 52. Of course, the cavity 10"' may alternatively be 
configured to hold and facilitate encapsulation of an individual semiconductor die 52, a 
plurality of individual dicAr a wafer or other large-scale substrate with a plurality of 
semiconductor devices mereoV The fourth embodiment is similar to the second 
embodiment in all respects, ex\pt the semiconductor die 52 includes conductive 
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structures 56, sul as balls, bumps, pillars, or columns including a conductive material 
such as a solder, oWer metal or metal alloy, a conductive epoxy, a conductor-filled epoxy, 
or a z-axis conductL elastomer, predisposed on and protruding from the bond pads 
thereof. Additionally the second half 14'" of the transfer mold 5"' may include a 
plurality of recesses slformed in and configured to receive portions of conductive 
structures 56 so as to pr^ent resin 24 from completely covering same. 

[0031J A fifth embodiment of the present invention is illustrated in drawing 
FIG. 8, depicting resin 24 filling a transfer mold 105 in a substantially vertical direction. 
The fifth embodiment is similar to the second embodiment in all respects, except the 
cavity 1 10 is configured to receive and at least partially encapsulate a flip-chip 
assembly 62. The flip-chip assembly 62 includes a carrier, such as a carrier substrate 64 
or an interposer, and a flip-chip type semiconductor die 52 with conductive structures 66. 
As such, the conductive structures 66 connected to carrier substrate 64 provide electrical 
connection and a gap 72 between an active surface 53 of the semiconductor die 52 (i.e., 
the surface facing substrate 64) and the substrate 64. In the fifth embodiment, there may 
also be a space 74 between the surface of the second half 1 14 of the transfer mold 105 
and back side 57 of the semiconductor die 52. Alternatively, the back side 57 of the 
semiconductor die 52 may abut with the inside surface of the second half 1 14 of the 
transfer mold 105. Furthermore, in the fifth embodiment of the present invention, the 
resin 24 has a viscosity that allows optimal underfilling of the gap 72, as known in the art. 
Thus, it can be well appreciated that by controlling the viscosity of the resin 24, 
underfilling may be accomplished efficiently while also preventing air pockets and/or 
voids in the gap 72, in accordance with the present invention. 

[0032] In addition, as in the previous embodiments, the flip-chip assembly 62 is 
preferably oriented substantially vertically relative to a horizontal plane 28. However, the 
assembly 62 may be oriented at any inclined angle from the horizontal plane 28, so long 
as the vent 120 in the cavity 1 10 that the flip-chip assembly 62 sits within is substantially 
at the upper portion 1 04 of the cavity 1 1 0 and the force of gravity acting on the resin 24 
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continues to force substantially all of the air or other gases out of the cavity through the 
vent 120 before any air pockets or other voids form. 

[0033] V sixth embodiment is illustrated in drawing FIG's. 9 and 10, depicting 
resin 24 filling a L> 72 between a semiconductor die 52 and a substrate 64, such as a 
carrier substrate olan interposer (i.e., a flip-chip assembly 62) in a substantially vertical 
direction. In the siith embodiment, at least one barrier 76 is disposed adjacent the 
periphery 51 of semiconductor die 52 and includes a space or opening 78 formed therein 
and configured to facWate dispensing or injecting the resin 24 into a gap 72 between the 
semiconductor die 52Vd the substrate 64. Further, as a dispenser 82 provides resin 24 
through opening 78, thiresin 24 preferably fills the gap 72 between the substrate 64 and 
die 52 via capillary actiL although positive or negative pressure may be applied to 
resin 24 as known in the it to accelerate the flow of resin 24 into the gap 72. As such, 
the at least one barrier 76 1 provided to contain the resin in the gap 72 between the 
semiconductor die 52 and the substrate 64. Accordingly, as in the previous embodiments, 
it can be well appreciated th\t gravity provides a more uniform flow front 26, wherein the 
gravitational force induces A resin 24 to fill in spaces above solder bumps 66 where 
potential air pockets and/or veils are conventionally formed around the solder bumps 66 
in the gap 72 between the substrate 64 and semiconductor die52. 

[0034] While the present invention has been disclosed in terms of certain 
preferred embodiments, those of ordinary skill in the art will recognize and appreciate 
that the invention is not so limited. Additions, deletions and modifications to the 
disclosed embodiments may be effected without departing from the scope of the 
invention as claimed herein. Similarly, features from one embodiment may be combined 
with those of another while remaining within the scope of the invention. 
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